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ABSTRACT 
Meiofauna assemblages were studied along putative organic 
enrichment gradients at two marine salmon farms: Loch Ewe, 
Scotland, U.K. and Nubeena, SE Tasmania, Australia; and a sewage 
outfall: Sandy Bay, SE Tasmania. The broad obj ective was to identify 
any general meiofauna responses to organic enrichment. 
1 .  No evidence of parallel meiobenthic communities ( the same genera 
occurring at different geographical locations in environments 
with similar environmental conditions)  was found in areas of 
high organic input. 
2. Nubeena was the only site where a "classical" pattern of 
community response to organic enrichment was found. Severe 
enrichment ( sediments are organically rich and anoxic zones are 
near the surface; nematodes and annelids can be found; other 
taxonomic groups,  e.g.  harpacticoids, are rare) existed under 
the cage centre. Moderate enrichment ( sediments have slightly 
elevated organic content and anoxic zones may, or may not, be 
close to the surface; annelids, nematodes, and harpacticoids are 
present, though numbers of taxa are reduced and densities may 
vary from depauperate to population blooms, i.e. densities one 
or two orders of magnitude above normal) occurred from under 
the cage periphery out to 5 m.  Slight enrichment ( sediment 
changes are difficult to detect, densities and species richness 
are elevated and there are abnormal species abundance 
pattern s )  occurred from 10 to 20 m.  
3 .  At Loch Ewe, severe enrichment occurred under the cage 
periphery. The region 10 to 25 m from the cage appeared to be 
moderately enriched, with slight enrichment out to 100 m. This 
contradicts the results of macrobenthic and physico-chemical 
surveys that have never indicated effects extending more that 
50 m from Scottish salmon cages. 
4. The Loch Ewe meiofauna assemblages were markedly different to 
those from Nubeena because no population blooms were detected 
and no harpacticoid genera were limited to the area of highest 
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organic enrichment. Population blooms may have been missed 
because they are a seasonal phenomenon, or because the 
moderately enriched zone occurred between two sampling sites. 
Differences i n  harpacticoid distributions at the two locations are 
probably because of the background organic content which was 
high at Loch Ewe and low at Nubeena. 
5. At Sandy Bay, there was a sharp demarcation in sediment 
structure and meiofauna assemblages 20 m from the sewage 
outfall. It is reasonable to assume that the sewage effluent was 
responsible for the sediment modification and therefore the 
faunal changes. Compared to sites > 20 m from the outfall, sites 
close to the outfall had a different nematode species 
composition; fewer nematode taxa; and a depauperate 
harpacticoid assemblage. Nematode densities were similar at all 
sites. 
6. At a Nubeena cage site, recovery changes in the meiofauna were 
monitored for six months after the fish had been removed. 
Neither nematodes nor harpacticoids showed a full recovery 
over the period. No change in the organic content of the 
sediment was detected. Benthic oxygen uptake measurements 
indicated it would take more than 18 months for the physico­
chemical environment to return to normal. 
7 .  Nematode population changes were gradual a nd there was a trend 
for assemblages at different enriched sites to converge. 
Changes in morphological types were apparent. When the cage 
was stocked, Type la nematodes ( buccal cavity small, no 
armature) made up the greatest p roportion of the assemblage. 
After cessation of organic input, these decreased and Type 2a 
( buccal cavity medium sized, armature as small teeth) increased; 
while later in the recovery Type 2a decreased and Type Ib 
(buccal cavity medium sized, no armature) increased. This 
pattern could b e  detected along temporal and spatial gradients 
from the organic input source. 
8. Harpacticoids experienced rapid population fluctuations with 
numerically dominant taxa changing in the space of weeks.  When 
the cage was stocked the harpacticoid assemblages at the 
enriched sites were similar and consisted mostly of epibenthic 
taxa. In later samples the interstitial taxa increased and the 
assemblages tended to diverge. This is probably caused b y  
spatial differences i n  the rate of recovery of subsurface 
sediments. 
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9.  Among nematode and harpacticoid assemblages, density and 
number of genera were more sensitive to organic enrichment 
than Evenness or Shannon-Wiener diversity. Contrary to many 
other studies described in the literature, Evenness tended to be 
high a t  severely enriched sites decreasing to minimum but 
extremely variable values in the moderately enriched zone. 
10. Harpacticoids were not very sensitive when comparing sites in 
highly enriched zones, due to high between-replicate variability. 
Neither harpacticoids nor nematodes were very sensitive when 
comparing sites in areas of mild disturbance and thus were not 
useful for delineating the precise area affected b y  enrichment. 
However, by combining data for the two taxocenes with that for 
other components of the fauna e.g. macrofauna, greater 
sensitivity could be obtained. 
1 1 .  I f  monitoring i s  restricted to a single taxocene, a multivariate 
method which determines associations of taxa and their 
distributions is more sensitive for detecting changes in 
environmental conditions than site classification. This method 
gave similar results to those obtained by combining all data in 
a site classification. 
ACKNOWLEDGMENTS 
The proj ect would not have been possible without the assistance of 
Trioxide Pty Ltd who, to promote ecological work with meiofauna in 
Australia, conceived the idea and provided funds so that an 
Australian could travel to the United Kingdom to learn techniques 
VI 
for working with, and identifying, meiofauna; and so that Dr. Richard 
Warwick could travel to Australia to promote meiofauna work. Without 
Trioxide the project would not have been possible. 
I wish to thank my co-supervisors Dr. Richard Warwick and Dr. 
David Ritz. I owe much to them for their patience and continued 
interest over this p roject. I particularly like to thank Dr. Ritz, for 
the innumerable ways that he assisted me and particularly for his 
critical comments on the thesis. 
Dr. Warwick assisted by enlightening me on the techniques of 
nematode identification, and providing literature to me. Also, when 
possible he made the facilities of the Plymouth Marine Laboratories 
available to me and p rovided critical comments on the thesis. 
I would also like to thank Dr. Warwick for his indirect assistance as 
editor of Psammonalia, which was a great assistance by keeping me 
in touch with the meiobenthic "community" .  As well I thank the other 
people who were involved in the p roduction of Psammonalia. 
I am deeply indebted to the management and staff of the Plymouth 
Marine Laboratory for providing facilities and their hospitality 
during my visit. I am particularly indebted to: Dr. Mike Gee for 
assistance in instructing me in the methods of harpacticoid 
identification, and making literature available to me. Dr. Martin Carr 
and Dr. Bob Clarke for making the P RIMER software available to me. 
I am indebted to Tassal Pty Ltd, formally Safcol Fisheries, who 
allowed access to their fish farm lease and on occasions made boats 
and staff available to assist with field work. I would particularly like 
to thank Anthony Forester who acted as the point of liaison with 
Safcol. 
I wish thank John D avies and Derrick Murison of the Department of 
Agriculture and Fisheries for Scotland for making Loch Ewe samples 
available and their hospitality during my visit to Scotland. 
I am also indebted to The Division of Sea Fisheries, Tasmania for 
making the benthic respirometry chamber available. To Dr. Barry 
Gallagher who originated the benthic respirometry work and made 
available to me his data analysis methods and programs so that we 
could have comparable results. Mike Rushton who taught me how to 
use the benthic respirometry chamber and assisted with some of the 
field work. 
The Bureau of Meteorology for making weather data from Palmer's 
lookout during the period December, 1989 to June 1990 available. 
CONTENTS 
STATEMENT . . . . . . . . . . . . . . •  
ABSTRACT . . . . . . . . . . . . . . .  . 
ACKNOWLEDGMENTS . . . . . . . . .  . 
CHAPTER 1 GENERAL INTRODUCTION 
WHY MEIOFAUNA? 
WHY HIGHER TAXA? . . .  
ORGANIC ENRICHMENT EFFECTS 
PARALLEL COMMUNITIES 
STUDY OBJECTIVES 
THESIS STRUCTURE . . . . . .  . 
• 
CHAPTER 2 GENERAL MATERIALS AND METHODS 
DEFINITION OF TERMS . . . .  
NUBEENA SITE DESCRIPTION 
SAMPLE COLLECTION . .  
EXTRACTION O F  FAUNA . 
ENUMERATION O F  FAUNA 
Subsampling 
Identification , 
Nematodes 
Copepods 
DATA ANALYSIS 
Univariate Analysis 
Richness Indices 
Evenness . . . .  
Graph Formats 
Multivariate Analysis 
SEDIMENT ANALYSIS 
SECTION I S PATIAL STUDY . 
SECTION LA SPATIAL STUDY METHODS 
Sample Collection 
Sandy Bay 
Nubeena . 
Loch Ewe 
CHAPTER 3 SANDY BAY . 
SEDIMENT . .  
NEMATODE ASSEMBLAGES 
Populations of Abundant Taxa 
Association of Taxa 
Univariate Indices . 
Site Classification . 
Morphological Types 
• 
HARPACTICOlD ASS EMBLAGES 
DISCUSSION OF SANDY BAY RESULTS 
CHAPTER 4 NUBEENA . . . . . . . .  . 
SEDIMENT . . . . . . . .  . 
NEMATODE ASSEMBLAGES 
Populations of Abundant Taxa 
Association of Taxa 
Univariate Indices 
Site Classification . 
• 
• 
• 
• 
• 
· . 
• 
· . 
• 
VII 
. I 
III 
VI 
1 
2 
5 
6 
6 
7 
7 
8 
8 
9 
11 
12 
12 
12 
14 
14 
14 
15 
1 6  
1 6  
1 6  
16 
17 
21 
22 
23 
23 
24 
25 
26 
27 
27 
31 
31 
36 
37 
41 
43 
45 
49 
54 
54 
59 
59 
62 
65 
68 
Morphological Types 
COPEPOD ASSEMBLAGES 
Populations of Abundant Taxa 
Association of Taxa 
Univariate Indices . . . . . .  . 
Site Classification . . . . . .  . 
COMBINED MACRO- AND MEIOFAUNA 
Population Data 
Univariate Analysis . . . . . . .  . 
Site Classification . . . . . . . .  . 
DISCUSSION OF NUBEENA RESULTS 
CHAPTER 5 LOCH EWE . . . . . . . . . . . . .  . 
NEMATODE ASSEMBLAGE . . . .  . 
Populations of Abundant Taxa 
Association of Taxa 
Univariate Indices . 
Site Classification . 
Morphological Types 
COPEPOD ASSEMBLAGES 
Populations of Abundant Taxa 
Association of Taxa 
Univariate Indices . . .  . 
Site Classification . . .  . 
DISCUSSION O F  LOCH EWE RESULTS 
SECTION I.B SPATIAL STUDY DISCUSSION . . . .  
• 
• 
• 
Comparison of Nubeena and Sandy Bay Sediments 
Parallel Communities . . . . .  . 
Distribution of Abundant Taxa 
Number of Taxa . . . . . . .  . 
Association of Taxa . . . . .  . 
Nematode Morphological Types 
SECTION II.A TEMPORAL STUDY METHODS 
Experimental Design . 
Sample Collection . . .  
Univariate Analysis 
Multivariate Analysis 
CHAPTER 6 NEMATODE ASS EMBLAGES 
PO PULAT IONS OF ABUNDANT TAXA 
Chroma dora . .  
Leptolaimus . . .  
Metoncholaimus . 
Discussion 
ASSOCIATION O F  TAXA 
UNIVARIATE INDICES 
Total Number of Taxa 
Number of Taxa per Core 
Shannon-Wiener and Evenness Indices 
Total Nematode Density 
Discussion . . . .  
SITE CLASSIFICATION . 
MORPHOLOGICAL TYPES 
COMPARISON WITH S PATIAL STUDY 
• 
VIII 
73 
75 
75 
78 
81 
85 
88 
88 
89 
92 
94 
98 
98 
• 98 
103 
104 
106 
107 
109 
109 
112 
113 
116 
117 
122 
122 
122 
127 
128 
131 
131 
132 
132 
133 
134 
134 
136 
136 
136 
137 
138 
140 
142 
147 
147 
147 
148 
150 
151 
154 
161 
167 
CHAPTER 7 HARPACTICOID ASSEMBLAGES 
POPULATIONS OF ABUNDANT TAXA 
Bulbamphiascus 
Ectinosomatidae I 
Harpacticoid 37 
Harpacticoid 06 
Tisbe . . . . .  . 
Harpacticoid 40 
ASSOCIATION OF TAXA 
UNIVARIATE INDICES 
Total Number of Taxa 
• • 
Number of Taxa per Core 
Shannon-Wiener and Evenness Indices 
Total Harpacticoid Density . . . .  . 
Discussion . . . . . . . . . . . . .  . 
Number of Taxa . . . . . . . .  . 
Evenness and Shannon-Wiener 
Total Harpacticoid Density 
• 
General Discussion . . . . . .  . 
Site Classification . . . . . . . . .  . 
COMPARISON WITH SPATIAL STUDY SAMPLES 
• 
IX 
176 
176 
176 
178 
179 
181 
183 
185 
193 
201 
201 
201 
202 
203 
204 
204 
205 
206 
206 
207 
213 
CHAPTER 8 ABIOTIC FACTORS 211 
SEDIMENT STRUCTURE 211 
BENTHIC OXYGEN UPTAKE 213 
WEIGHT LOSS ON IGNITION 217 
FISH FEEDING REGIME 221 
TEMPORAL STUDY DISCUSSION 226 
Comparison of Nematode and Harpacticoid Results 228 
Association of taxa . . . . . . . . . . . . .  233 
Diversity Indices . . . . . . . . . . . . . .  234 
Environmental changes in January/February 234 
Potential for further experiments 235 
CHAPTER 9 GENERAL DISCUSSION . . . . . . 237 
DIVERSITY AND EVENNESS INDICES 237 
NEMATODE MORPHOLOGICAL TYPES 241 
MEIOBENTHIC T AXOCENES . 242 
USE OF GENERA . . . . . . . . . . .  245 
ANALYTICAL PROCEDURES . . . . .  247 
RECOMMENDATIONS FOR FUTURE STUDIES 249 
APPENDIX I SANDY BAY BENTHOS 
APP ENDIX II NUBEENA SPATIAL STUDY BENTHOS 
APPENDIX III LOCH EWE S PATIAL STUDY BENTHOS 
APPENDIX IV RECOVERY SEDIMENT 
APPENDIX V TWO-WAY TABLES 
APPENDIX VI TEMPORAL STUDY BENTHOS 
• 
i 
viii 
. xiv 
xvii 
• . xxi 
